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英文缩写 英文全名 中文全名 
ATP Adenosine Triphosphate 腺嘌呤核苷三磷酸 
CCCP carbonyl cyanide 3-chlorophenyl 
hydrazone 
羰基氰化物间氯苯腙 
CL Cardiolipin 心磷脂 
CLSM confocal laser scanning microscope 激光共聚焦显微镜 
DMEM Dulbecco’s Modified Eagle Media DMEM细胞培养基 
DMSO dimethyl sulfoxide 二甲基亚砜 
FBS Fetal Bovine Serum 胎牛血清 
FSC Forward Scatter 前向散射光 
JC-1 5,5′,6,6′-tetrachloro-1,1′,3,3′- 





NAO nonyl acridine orange 壬基吖啶橙 
PBS Phosphate Buffered Saline 磷酸盐缓冲液 
SSC Side Scatter 侧向散射光 
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Excessive thyroid hormone induces cardiac hypertrophy and promotes heart 
failure in patients with hyperthyroidism, but the mechanism remains elusive. Thyroid 
hormone is a major regulator of mitochondrial biogenesis, respiratory function and 
lipid metabolism，and has been shown to directly modulate cardiolipin (CL) content 
by influencing the activity of CL biosynthesis enzymes, which indicated that the CL 
may be involved in the pathological processes of hyperthyroid cardiac dysfunction, 
and constitutes its pathological changes part of the mechanism. 
In this study, the changes of CL content in the high thyroid hormone (T4) 
environment, in the level of organization (KM mouse heart tissue) and cell (in H9c2 
myocardial cell line)were researched. On the basis of that, the mechanism in which 
CL participated in the hyperthyroid heart dysfunction has been further studied from 
the perspective of mitochondrial membrane potential. the CL content was detected 
CL-specific dye NAO, while H9c2 cells mitochondrial membrane potential was 
detected by staining JC-1. 
The heart weight of KM mice with hyperthyroidism, which were made by 
intraperitoneal injection of T4, increased 16%. Moreover, the CL content in the 
hyperthyroidism mice’s heart tissue was significantly higher, which was detected by 
LSCM. In the experiment of flow cytometry, we found the CL content in the 
T4-treated cell was significant higher. H9c2 cells were cultured in the environment of 
1μM T4 for eight days , then stained by JC-1. Flow cytometry detected the 
mitochondrial membrane potential. The result showed, with T4 treatment, that the 
mitochondrial membrane potential was significantly increased. H9c2 cells was treated 
with 5μM and 10μM saturated CL (14:0) and unsaturated CL (18:1) for 24 hours, then, 
stained by JC-1 and detected the mitochondrial membrane potential by flow 
cytometry. After treatment with saturated CL (14:0) and unsaturated CL (18:1), 
mitochondrial membrane potential declined, while treated with saturated CL (14:0), 















Conclusion: T4 can increase CL content and induce mitochondrial membrane 
potential hyperpolarization in H9c2 cells. Exogenous CL and endogenous CL have 
different effects on the mitochondrial membrane potential. Exogenous saturated CL 
(14:0) and unsaturated CL (18:1) can both induce mitochondrial membrane potential 
depolarization of H9c2 cells, what’s more, saturated CL (14:0) induced depolarization 
much deeper. 
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